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Abstract of JP60074018 

PURPOSE:To improve the efficiency of a 
system by providing an emulation buffer that 
plural input/output controllers can share with 
each other CONSTITUTION:Two input/output 
control parts 13a and 13b of systems A and B 
are provided in a host computer 10. Those 
input/output control parts 13a and 13b operate 
according to a command CDK from the CPU in 
the computer 10. A magnetic disk 20, on the 
other hand, has a disk control part 23 and a 
disk 22 on which data are stored, sector by 
sector, and th emulation buffer 24 is provided 
in the disk control part 23. Data sent out of the 
Input/output control parts 13a and 13b are 
stored in the emulation buffer 24 temporarily 
and those stored data are written on the disk 
22, sector by sector, through the operation of a 
disk control part 21 . The data from the disk 22 
are converted into CKD format on the basis of 
commands from the input/output control parts 
13a and 13b and sent out to the input/output 
control parts 13a and 13b. 
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Specification 

1. Title of the Invention 

I/O Control System 

2. What is claimed is: 

An I/O control system comprising an I/O device having 
a recording medium for recording data according to a 
predetermined arrangement format and a plurality of I/O 
control means arranged in an upper node processing device 
to be connected to the I/O device and controlling data 
write and data read into/from the recording medium in the 
I/O device according to a data processing format in the 
upper node processing device, wherein the I/O device 
includes an emulation buffer capable of temporarily 
storing write data from the I/O control means to the 
recording medium and read data, from the recording medium 
to the I/O control means and transmitting the stored data 
to the recording medium or the I/O control means in 
respective formats. 

3. Detailed Description of the Invention 

(a) Technical field of the invention 

The present invention relates to an I/O control 
system between an I/O device such as a magnetic disc device 
having a recording medium for recording data according to 
a predetermined arrangement format and an upper node 
processing device such as a computer. 

(b) Background of the technique 
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An I/O device in this kind of system such as a magnetic 
disc device generally has a data arrangement format on each 
track of the disc as the recording medium as shown in Fig. 
1 (hereinafter, referred to as the CKD format) . 

In this format, an index indicating the start point 
(end point) of a track is followed by a home address (HA) 
where cylinder number of the track, the track number, and 
the like are recorded, and a record RO formed by a count 
section C used for recording information on a defective 
replacement track and a data section D. Furthermore, the 
record RO is successively followed by records Rl, R2 , ... 
which can directly be used by a user. Each of the records 
Rl, R2 , ... has a count section C, a key section K, and a 
data section D. In the count section C, there are recorded 
ID information used for searching a record and information 
on the number-of -bytes (KL, DL) of the subsequent key 
section K and the data section D. In the key s-ection K, 
the key information on the number of bytes (KL) specified 
by the count section C is set. Furthermore, in the data 
section D, data on the number of bytes (DL) specified by 
the count section C is recorded. 

It should be noted that the home address (HA) and 
the count section C, the key section K, and the data section 
D of each of the records RO, Rl, ... has additional 
information ECC for detecting a read error of each 
information . 

In the magnetic disc device of the aforementioned 
CKD format, the data length (DL) that can be used by a user 
is arbitrary, which comparatively complicates control in 
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the magnetic disc device according to an instruction from 
an upper node processing device. 

On the contrary, in a magnetic disc device used 
especially in a small-size system, control inside should 
be simplified as much as possible.. For this, the data 
arrangement format on the disc is further simplified. For 
example, a format as shown in Fig. 2 (hereinafter, referred 
to as the sector format) is used. 

In the sector format, an index indicating the start 
point (end point) on the track *is followed by a fixed- 
length block. Each of the blocks BO, Bl, B2, ... has an 
address section A for recording information used for 
searching a block and a data section D for recording 
necessary data . The data section D has a fixed data length 
(the number of bytes) unlike the CKD format. 

The magnetic disc device of the aforementioned 
sector format is used especially in a small-size system. 
However, the data storage capacity of the disc of the 
sector format has greatly increased recent ly and it is 
considered to apply the magnetic disc device having the 
disc to a system of greater size. On the other hand, a 
comparatively large system normally employs a disc of the 
CKD format and the upper node processing device 
controlling the magnetic disc device such as a computer 
uses a data processing format (software) based on the CKD 
format. For this, a computer used in a comparatively large 
system cannot directly control the magnetic disc device 
of the sector format because of the difference between the 
data processing format (software) and the data arrangement 
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format on the disc. 

In order to control a magnetic disc device of the 
sector format in a comparatively large system, it is 
necessary to develop new software in the upper node 
processing device of the system. However, development of 
new software has a problem of a very high cost. 
Accordingly, it is desired to control the magnetic disc 
device of the sector format while maintaining the software 
in the computer to be compatible with the CKD format 
(without changing the user friendliness), 
(c) Prior art and problems 

Fig. 3 shows a conventional system capable of 
controlling a magnetic disc device having a disc of the 
sector format by the computer based on the data processing 
format (software) based on the CKD format. 

In Fig; 3, 10 denotes a computer as the upper node 
device, and 20 denotes a magnetic disc device controlled 
by the computer 10. Here, the computer 10 includes a CPU 
11 for performing data processing by the data processing 
format (software) based on the CKD format, a memory 12 as 
the main storage device, and an I/O control unit 13 for 
directly controlling the magnetic disc device 20 by the 
instruction from the CPU 11. Furthermore, the I/O control 
unit 13 has an emulation buffer for temporarily storing 
write data from the CPU 11 and read data from the magnetic 
disc device 20. On the other hand, the magnetic disc 
device 20 has a disc control unit 21 and a disc 22 where 
data is recorded in the sector format. The disc control 
unit 21 operates according to an instruction from the I/O 
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control unit 13 in the computer 10, writes data transmitted 
from the I/O control unit 13 onto the disc 22, reads data 
from the disc 22, and transmits it to the I/O control unit 
13. 

In this system, data read-in to the disc 22 and data 
read-out from the disc 22 are performed as follows (see 
Fig . 4 ) . 

Firstly, when per forming writ e , t he emulat ion buf f er 
14 records data based on the CKD format from the CPU 
11 ,outputted together with the write instruction, under 
control of the I/O control unit 13, from a predetermined 
address to the home address (HA) , record RO (count section 
C, data unit D) , record Rl (count section C, key section 
K, data section D) , .... Here, by the instruction of the 
I/O control unit 13, the disc control unit 21 selects a 
predetermined track of the disc 22 and successively writes 
data from the emulation buffer 14 into the data section 
D of the respective blocks BO, Bl, ... on the track. That 
is, data corresponding to a predetermined data length 
(number of bytes) is written into the data section D of 
the respective blocks BO, Bl, ... from the emulation buffer 
14. For example, like the data section D of record Rl 
stored in the emulation buffer 14, the data may be written 
into to adjacent blocks Bl and B2 . 

Moreover, when performing read out, according to the 
instruction of the I/O control unit 13 by the read out 
instruction from the CPU, the disc control unit 21 selects 
a predetermined track of the disc 22 and transmits the data 
thus written in, successively from block BO to the I/O 
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control unit 13. The data is successively stored in the 
emulation buffer 14 . The I/O control unit 13 successively 
searches the data in the emulation buffer 14 and transmits 
the necessary data (data section D of each record) to the 
CPU 11 according to the read-out instruction from the CPU 
11 . 

Thus, by using the emulation buffer 14, the computer 
10 operating according to the data processing format 
(software) based on the CKD format can control the magnetic 
disc 20 of the sector format as if it were a magnetic disc 
device of the CKD format. Furthermore, after the CPU 11 
reads out the data from the disc 22 to the emulation buffer 
14, the same data on the disc 22 can be used again by 
directly reading the data from the emulation buffer 14 
without accessing the disc 22. The emulation buffer 14 
can have the so-called cache function, thereby improving 
the data processing efficiency. 

Recently, in the system controlling an I/O device 
such as a magnetic disc device by an upper node processing 
device, in order to improve the system reliability and 
improve the processing efficiency, for example, a method 
(device cross call method) as follows is used. That is, 
two or more I/O control units are arranged in the 
processing device and each of the I/O control units 
controls the I/O device independently. When employing 
this method in the system controlling the conventional 
magnetic disc device 20, it is possible to arrange a 
plurality of I/O control units 13 having an emulation 
buffer 14 as shown in Fig. 3 in the computer 10, so that 
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each of the I/O control units 13 independently controls 
the magnetic disc device 20 according to an instruction 
from the CPU 11. 

However, when the device cross call method is simply 
employed in the conventional system, each system (each I/O 
control unit - the magnetic disc device) independently 
performs data read and write via the respective emulation 
buffers 14. Accordingly, when a content on the disc is 
updated in a system, the other systems cannot confirm the 
update and cannot use the data in the emulation buffer 14 
of the local system as the content of the disc. That is, 
the emulation buffers in the respective systems cannot 
have the so-called cache function. 

As a result, in order that the emulation buffers 14 
of the respective systems can have the cache function so 
as to effectively use the content of the emulation buffers 
14, it is necessary to provide such a configuration that 
the I/O control units of the respective systems monitor 
the update state of the disc between themselves, which 
complicate the entire system. 

It should be noted that the same problem occurs when 
the device cross call method is used in a system other than 
the system controlling the magnetic disc device, for 
example a system using a magnetic drum, a magnetic bubble 
memory, or the like as a recording medium and performing 
control by the data processing format different from the 
data arrangement format to the recording medium by using 
the emulation buffer in which an I/O device having the 
recording medium is arranged in the same way as the 
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aforementioned system . 

(d) Object of the Invention 

It is therefore an object of the present invention 
to provide an I/O control system capable of effectively 
using the content of emulation buffers with a simpler 
configuration when the device cross call method is 
employed in a system for controlling an I/O device having 
a recording medium for recording data according to a 
predetermined arrangement format, by the data processing 
format different from the data arrangement format in the 
recording medium by using the emulation buffers, 

(e) Constitution of the Invention 

In order to achieve the aforementioned object, the 
present invention provides a system including: an I/O 
device having a recording medium for recording data 
according to a predetermined arrangement format; and a 
plurality of I/O control means arranged in the processing 
device connected to the I/O device, for controlling data 
write to the recording medium in the I/O device and data 
read from the recording medium according to the data 
processing format in the upper node processing device, 
wherein the I/O device includes an emulation buffer 
capable of temporarily storing write data from the I/O 
control means to the recording medium and read data from 
the recording medium to the I/O control means and 
transmitting the stored data to the recording medium or 
the I/O control means in respective formats, 
(f) Embodiments of the Invention 

Description will now be directed to embodiments of 
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the present invention with reference to the attached 
drawings. 

Fig. 5 is a block diagram showing an embodiment of 
the present invention. In Fig. 5, 10 denotes a computer 
as an upper node processing device in the same way as in 
Fig. 3. The computer 10 has two systems (system A and 
system B) as I/O control units.. It should be noted that 
the each of the I/O control units 13a, 13b independently 
operates by an instruction (based on the CKD format) from 
the CPU in the computer 10. 

On the other hand, 20 denotes a magnetic disc device. 
The magnetic disc device 20 has a disc control unit 23 and 
a disc 22 for performing store in the sector format. 
Furthermore, the disc control unit 23 has an emulation 
buffer 24 as shown in Fig. 4. Each of the output control 
units 13a, 13b in the computer 10 independently controls 
the disc control unit 23. Data transmitted from the I/O 
control devices 13a, 13b are temporarily stored in the 
emulation buffer 24 and the stored data is written onto 
the disc 22 in the sector format by the operation of the 
disc control unit 21. On the other hand, data which has 
been read from the disc 22 by the disc control unit 21 
according to the instruction from the I/O control units 
13a, 13b are also temporarily stored in the emulation 
buffer 24 and the stored data is transmitted to the I/O 
control unit 13a or 13b according to the CKD format. 

That is, the I/O control units 13a, 13b in the 
computer 10 use the emulation buffer 24 in the magnetic 
disc device 20. 



9 



Here, explanation will be given on an example of 
specific configuration of the disc control unit 23 
including the emulation buffer 24 with reference to Fig. 
6. 

In Fig. 6, system A is a system connecting the I/O 
control unit 13a in Fig. 5 and the disc control unit 23 
while system B is a system connecting the I/O control unit 
13b in Fig. 5 to the disc control unit 23. In each of the 
systems, connection between the I/O control unit 13a, 13b 
and the disc control unit 23 is performed device connection 
lines (1), (7), device selection valid lines (2), (0), 
device in-se report lines (3), (9), instruction valid 
lines (4), (10), instruction buses (5), (11), and data 
buses (6) , (12) , 31 denotes a gate circuit in the system 
A. When the device selection signal in system B is " 0" , 
the device selection signal ^^1") from the I/O control unit 
13a is inputted to the gate circuit 31 via the device 
selection line (1) and the gates Gl, G2, G3 and the state 
is made to be a permission state. 32 denotes a gate circuit 
in system B. In the same way as system A, when the device 
selection signal in the system A is ''0", the device 
selection signal ("' 1" ) from the I/O control unit 13b is 
inputted to the gate circuit 32 via the device selection 
line (7) and gates G4, G5, G6 and the state is made to be 
a permission state. It should be noted that when the gate 
circuit 31 becomes the permission state, the device 
selection signal ("1") via the device selection line (1) 
and the gates Gl, G2 is further inputted as the device 
selection valid signal to the I/O control unit 13a via the 
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device selection valid line (2) and the device selection 
signal is inputted as the device use signal to the I/O 
control unit 13b via the in-use report line (9) of the 
system B. Moreover, on the other hand, when the gate 
circuit 32 becomes the permission state, the device 
selection signal (^^1") via the device selection line (7) 
and the gates G4, G5 is further inputted as the device 
selection valid signal to the I/O control unit 13b via the 
device selection valid line (0) and the device selection 
signal is inputted as the device use signal to the I/O 
control unit 13a via the device in-use report line (3) of 
the system A. 33 denotes a decoder connected to the 
instruction bus (5) and the instruction valid line (4) of 
the system A and the data bus (11) and the instruction valid 
line (10) of the system B via the gate circuits 31 and 32, 
respectively. The decoder 33 is turned to the operation 
state by the instruction valid signal (""1") inputted via 
the instruction valid line (4) or (10) . The decode outputs 
are instruction outputs based on the instructions inputted 
via the instruction bus (5) or (11) : read and write of the 
emulation buffer 24, data store from the emulation buffer 
24 to the disc 22 and data load to the emulation buffer 
24 from the disc 22, presence/absence of the seek operation, 
read and write of a track address register 35 which will 
be detailed later, and read and write of a flag register 
36 which will be detailed later. 34 denotes a read/write 
circuit for writing data from the data bus (6) or (12) to 
the emulation buffer 24 via the gate circuit 31 or 32 
according to the read/write instruction output from the 
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decoder 33. 35 denotes a load/store circuit for loading 
data from the disc 22 to the emulation buffer 24 according 
to the load/store instruction output from the decoder 33 
and storing data in the emulation buffer 24 onto the disc 
22. The read/write circuit 34 handles data in. the CKD 
format while the load/store circuit handles data in the 
sector format. 

Moreover, 36 denotes a flag register for storing a 
flag indicating whether data on the disc 22 is written in 
the emulation buffer 24. 37 denotes a track address 
register for storing the track number data on the disc 22 
specified. According to the read/write instruction 
output from the decoder 33, each of the flag register 36 
and the track address register 37 writes the track number 
data on the data bus (6) or (12) and transmits the data 
to the data bus. 38 denotes a seek circuit operated by 
a seek instruction output from the decoder 33 and setting 
a magnetic, head for reading and writing from/to the track 
on the disc specified by the data in the track address 
register 37 . 

Next, explanation will be given on the system 
operation. Firstly; for example, when data write is 
performed in the system A/ the I/O control unit 13a outputs 
a device selection signal* Here, if the I/O control unit 
13b in the system B does not output a device selection 
signal, the gate circuit 31 enters the permission state 
and the I/O control unit 13a confirms the valid state of 
the system A and the invalid state of the system B via the 
device selection valid line (2) and the device in-use 
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report line ( 3 ) . 

Here, when the I/O control unit 13a transmits the 
instruction valid signal (hereinafter, the instruction 
valid signal is outputted upon each output of instruction 
information via the instruction bus (5)), a write 
instruction to the emulation buffer 24, and the write data, 
the read/write circuit 34 enters the write state by the 
data write instruction output from the decoder 33 and the 
data from the data bus (6) is successively written to the 
emulation buffer 24. Here, data is written to the 
emulation buffer 24 in the CKD format from a predetermined 
address as shown in Fig. 4. Next, the I/O control unit 
13a outputs the track number data to be written on the disc 
22 and a write instruction of the data to the track address 
register 37 and the track number data to be written into 
the track address register 37 is stored by the track 
address write instruction output from the decoder. Then, 
a seek instruction is issued and by the seek instruction 
output from the decoder, the seek circuit 38 sets the 
magnetic head on the track of the disc 22 according to the 
data in the track address register 37. Thus, when the seek 
operation is complete, a store instruction is further 
issued from the I/O control unit 13a and the load/store 
circuit 35 enters the store state by the store instruction 
signal from the decoder 33 and successively writes data 
in the emulation buffer 24 into a track specified on the 
disc. It should be noted that as shown in Fig. 4, the data 
is written onto the track in the sector format. 
Furthermore, when this data write is complete, a flag write 



13 



instruction is issued and a flag indicating that the 
emulation buffer 24 is in the valid state is written into 
the flag register 36 by the flag write instruction from 
the decoder 33. 

Next, explanation will be given on the operation for 
reading out the same data written in the system A, in the 
system B. Firstly, the I/O control unit 13b outputs a 
device selection signal. When the system A is in the valid 
state, each of the gates G4, G5, G6 enters inhibited state 
and the system B does not enter the valid state. However, 
if the device selection signal output from the I/O control 
unit 13a stops, the gate circuit 32 enters the permission 
state and the I/O control unit 13b confirms that the system 
B is in the valid state and the system A is in the invalid 
state via the device selection valid line (8) and the 
device in-use report line (9). 

Here, when the I/O control unit 13b transmits an 
instruction valid signal (hereinafter, the instruction 
valid signal is outputted upon each output of instruction 
information via the instruction bus (10)) and a read 
instruction of the flag register 36 and the track address 
register 37, the contents of the registers 36; 37 are 
acquired by the I/O control uhit 13b via the data bus (12) 
by the flag read instruction output and the track address 
read instruction output from the decoder 33. The track 
number of the disc 22 containing the data to be read out 
by the instruction from the CPU is checked whether it is 
matched with the track address data thus acquired and the 
emulation buffer 24 is checked whether it is in the valid 
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state. The I/O control unit 13b issues a read instruction 
to read the data from the emulation buffer 24 . By the data 
read instruction output from the decoder 33 in accordance 
with the instruction, the read/write circuit 34 enters the 
read state and the data in the emulation buffer 24 is 
successively read out to the I/O control unit 13b via the 
data bus (12) (CKD format) . 

As has been described above, according tot he present 
embodiment, the data written into the emulation buffer 24 
in the system A can be directly used in the system B and 
it is possible to maintain the so-called cache function 
of the emulation buffer 24 even when the configuration is 
such that the I/O control units 13a, 13b do not mutually 
check the use state of the emulation buffer 24. 

It should be noted that there may be provided a 
plurality. of emulation buffers 24, flag registers 36, and 
track address registers 37 according to the plurality of 
tracks. By increasing their numbers, it is possible to 
use the cache function more effectively. 

Moreover, in this embodiment, explanation has been 
given on the magnetic disc device as the I/O device. 
However, the present invention is hot to be limited to this. 
The same system configuration may be also applied to an 
I/O device using a magnetic drum or a magnetic bubble 
memory as a recording medium* 
(g) Effects of the Invention 

As has been described above, according to the present 
invention, when the device cross call method is applied 
to a system in which an I/O device having a recording medium 
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for recording data according to a predetermined 
arrangement format is controlled by using an emulation 
buffer and a data processing format different from the data 
arrangement in the recording medium, the content of the 
emulation buffer can be effectively used even without 
checking the use state of the emulation buffer in the 
systems of the cross call. 

4, Brief Description of the Drawings 

Fig. 1 explains data arrangement of the CKD format 
on the disc; Fig. 2 explains sector arrangement on the 
disc; Fig. 3 is a block diagram showing a conventional 
system in which a computer performing data processing in 
the data processing format based on the CKD format is 
connected to a magnetic disc device of the sector format; 
Fig. 4 explains data read/write state via the emulation 
buffer; Fig. 5 is a block diagram showing an embodiment 
of the present invention; and Figi 6 is a block diagram 
showing a specific example o£ the disc control unit 23 in 
Fig. 5. 

10. ..computer 

13a, 13b... I/O control unit 
2 0... magnet ic disc device 
22...disc 

23... disc control unit 
2 4...emulat ion buffer 
31, 32. ..gate circuit 
33. ..decoder 
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34. ..read/write circuit 

3 5. ..load/ store circuit 

3 6. ..flag register 

37. ..track address register 

38. ..seek circuit 
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Fig . 6 

A System A 

B System B 

31 Gate A 

32 Gate B 

33 Decoder 

34 Read/write circuit 

36 Flag register 

37 Track address register 
24 Emulation buffer 

35 Load/store circuit 

38 Seek circuit 
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